Parametersfor theldentification of Localized
Corrosion: Theoretical Analysis
R.A. Cottis
Corrosion and Protedion Centre, UMIST
P.O. Box 88, Sadkvill e Stred
Manchester M60 1QD, UK

A number of parameters have been used for the
identification of locdized corrosion, but despite this,
many workers find that the visual examination of the
current and paential noise time records remains the most
reliable (if not the most cost-eff edive) technique for this
purpose. This paper will examine the techniques that have
been used from atheoreticd perspedive, supplemented by
the goplicaion of the techniquesto simulated and red
data

Characteristics of Localized Corrosion

Theterm “locdized corrosion” refersto arange of
corrosion processes, and it is not redistic to exped all of
them to have comparable dedrochemicd charaderistics.
However, for pradicd corrosion monitoring applications
it is reasonable to consider a sub-set of locdized corrosion
processes that includes pitting corrosion, crevice
corrosion and stresscorrosion cracking. These ae
charaderized by relatively low frequency, large anplitude
current and pdentia ‘events' . Thus human analysts
generally take large anplitude esents occurring
simultaneously in both the potential and current time
record as indicative of locdized corrosion. They will
usually also take acourt of the sign of the events where it
isrelevant. Thus potential events, when measured with
resped to a stable reference éedrode, should generally be
negative-going, correspondingto adivation of one or
other of the two working eledrodes. Consequently
positive-going events can usually be dismissd as
extraneous interference. If the reference dedrode is of the
same material as the working eledrodes, then positive-
going events would correspond to adivation of the
reference éedrode, and would not be expeded to be
acompanied by a arrent event.

The Coefficient of Variation of Current

Thisis defined as the standard deviation of current
divided by absolute value of the mean current. At first
sight the expeded value of the meanis zero, so the
expeded value of the mefficient of variation isinfinity.
However, the @solute value operation changes this, and
the expeded value of the mean is related to the standard
error of the estimate of the mean, and it turns out that the
expeded value of the mefficient of variationis
propartional only to the square root of the number of
samplesin the time record, and thisis demonstrated by
simulation results. In red systems the two current
measuring eledrodes are typicdly not similar, and the
coefficient of variation is grongy dependent on the
asymmetry between the two eledrodes.

The Localization I ndex

The locdi zaion index is defined as the standard deviation
of current divided by the rms current. Sincethe rms
current is always greder than or equal to the standard
deviation, this can never exceel 1, and therefore avoids
the problems of the mefficient of variation when the mean

happensto be zeo. However, thereisadired relationship
between the two parameters, and the expeded value of the
locdization index for perfedly symmetricd eledrodesis
very closeto 1

Skew and Kurtosis

Skew describes the distortion of the symmetry of a
distribution with resped to the normal distribution, while
kurtosis describes the flatnessor peakedness For
relatively infrequent eventsit is clea that ‘one-sided’
events (such as adivation eventsin the potential noise)
will give anon-zero skew, whil e two-sided events (such as
the arrent noise between two adive dedrodes) will give
zero skew, but a non-zero normali zed kurtosis. As the
frequency of eventsincreases, it isan inevitable result of
the centra li mit theorem that the distributions will tend
towards normal, and the skew and kurtosis will both tend
to zero.

Characteristic Charge and Frequency

An analysis based on shot noise theory, and asauming the
validity of determining corrosion current density from the
noise resistance, enables the estimation of the average
charge in the individual events and the frequency of those
events. Locdized corrosion may then be identified as
having alow frequency of events, while the chargeisan
indicaion of the intensity of the process It islessclea
what these parameters mean for proceses that do not
gtrictly have the charaderistics of shot noise, and further
work is nealed to test themin red systems.

Spectral Analysis

Current and paentia power spedra have been widely
used as descriptors of the properties of noise time records,
and feaures auch asthe roll-off dope & higher
frequencies and the kneefrequency have been correlated
with the type of corrosion. Theoreticd analyses $ow that
the shape of a power spedrum produced from the sum of
anumber of eventsisthe same asthat for the individual
event. Consequently the only evidencein power spedra
that relates to the frequency or amplitude of the eventsis
present in the anplitude of the spedra, not the shape.

Future Developments

The various techniques that are avail able ae potentially
able to extrad some of the information derived by a
human analyst, notably the anplitude and frequency of
events occurring. Few techniques take acount of the
correlation in time between current and pdential events or
of the diredionality of events. Asthese ae key feaures
used by human analyststo interpret and to validate the
data, it seams probable that future developments will t ake
these fedures into acount, possbly by using cross
correlation and simil ar methods.



